Objective PATENT-1 and CHEST-1 were pivotal, international phase III trials assessing riociguat for pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary hypertension (CTEPH). Here we compare Chinese patients from these studies with the overall populations, and report the clinical effect and safety of riociguat in Chinese patients with PAH and CTEPH. Methods PATENT-1 was a 12-week, randomised, double-blind, placebo-controlled trial of riociguat (maximum 2.5 mg three times daily or 1.5 mg three times daily (exploratory) in patients with PAH. CHEST-1 was a 16-week, randomised, double-blind, placebocontrolled trial of riociguat (maximum 2.5 mg three times daily) in patients with inoperable CTEPH or persistent/recurrent pulmonary hypertension after pulmonary endarterectomy. The primary endpoint in each study was change from baseline to study end in 6 min walking distance (6MWD). Secondary endpoints included pulmonary vascular resistance (PVR), N-terminal prohormone of brain natriuretic peptide, WHO functional class (FC), and time to clinical worsening. Results Chinese patients in PATENT-1 (n=77) and CHEST-1 (n=32) were younger and had better baseline 6MWD and WHO FC versus the overall population. Riociguat increased 6MWD versus placebo in Chinese patients in PATENT-1 and CHEST-1, with a greater increase observed in CHEST-1 (least-squares mean differences +46 m and +102 m in PATENT-1 and CHEST-1, respectively). Riociguat also improved several secondary endpoints in both studies, and was well tolerated. Conclusions Chinese patients displayed differences in baseline characteristics versus the overall populations in PATENT-1 and CHEST-1. Riociguat improved 6MWD, PVR, WHO FC, and other clinical outcomes in Chinese patients with PAH or CTEPH. Trial registration number PATENT-1: NCT00810693, Results; CHEST-1 NCT00855465, Results.
INTRODUCTION
Pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary hypertension (CTEPH) are serious diseases that cause an increase in pulmonary vascular resistance (PVR) leading to right heart failure and eventually death. In PAH this results from remodelling of the small pulmonary arteries, whereas in CTEPH it is a consequence of obstructive unresolved thromboemboli in the pulmonary vasculature. [1] [2] [3] PAH is primarily treated pharmacologically; available therapies include phosphodiesterase type 5 inhibitors, prostanoids, and endothelin receptor antagonists, 1 with many further treatments in development. 4 Despite this, the disease remains incurable and mortality rates remain high. 5 Notably, there are fewer approved PAH-specific therapies available in China compared with the Western world, and their high cost has constrained their use. 6 In contrast to PAH, the recommended treatment for CTEPH is a surgical procedure-pulmonary endarterectomy (PEA)-which is potentially curative. 1 3 However, although increasing, the number of specialist PH centres and expertise in PEA in China remain limited, and PEA is a relatively uncommon procedure. 7 8 Furthermore, 20-40% of patients cannot undergo PEA or develop persistent/ recurrent pulmonary hypertension (PH) after surgery. 9 While these patients are candidates for medical therapy, there is currently no approved pharmacological treatment for CTEPH in China, highlighting an important unmet need.
Riociguat is a soluble guanylate cyclase stimulator approved for the treatment of symptomatic PAH and inoperable or persistent/recurrent CTEPH in Europe, the USA, Canada, and Japan. Approval of riociguat for PAH and CTEPH was based on two international phase III studies in treatment-naïve or pre-treated patients with PAH (PATENT-1: Pulmonary Arterial Hypertension Soluble Guanylate Cyclase-Stimulator Trial 1) and patients with inoperable or persistent/recurrent CTEPH (CHEST-1: Chronic Thromboembolic Pulmonary Hypertension Soluble Guanylate Cyclase-Stimulator Trial 1). 10 11 Riociguat was well tolerated in both studies and significantly improved the primary endpoint of 6 min walking distance (6MWD) compared with placebo. Riociguat also improved a range of secondary endpoints, including change in PVR, change in serum concentrations of N-terminal prohormone of brain natriuretic peptide (NTproBNP), and change in WHO functional class (FC). 10 11 In PATENT-1, riociguat also significantly reduced the frequency of clinical worsening events compared with placebo. 10 Most available data regarding the prevalence, diagnosis, treatment, and prognosis of PH are from North American and Western European populations; it is unclear whether these data are valid in Chinese populations. 7 Here we report a subgroup analysis of PATENT-1 and CHEST-1 evaluating the efficacy and safety of riociguat for Chinese patients with PAH and CTEPH, and investigating differences in baseline and clinical characteristics between Chinese patients and the overall cohort. The rationale for this analysis is that Chinese patients were among the largest sub-cohorts in the PATENT-1 and CHEST-1 studies, and their baseline characteristics were observed to differ from those of the overall study populations. It is therefore clinically relevant to analyse the efficacy and safety of riociguat in Chinese patients.
METHODS

Patients, study design and outcome measures
The PATENT-1 and CHEST-1 study methodologies have been reported previously; 10 11 a summary of inclusion and exclusion criteria, study design, outcome measures, and statistical analyses is provided in the online supplementary information.
The studies were carried out in accordance with Good Clinical Practice Guidelines and the Declaration of Helsinki. The protocol was approved by the ethics committees of all participating centres and all patients gave their written informed consent. PATENT-1 and CHEST-1 are registered at Clinicaltrials.gov: PATENT-1: NCT00810693; CHEST-1: NCT00855465.
Statistical analysis
PATENT-1 and CHEST-1 were not designed to show statistically significant differences in subgroup populations; the subgroup data presented here were therefore analysed descriptively.
RESULTS
Baseline characteristics in the Chinese subgroup
Five centres in China participated in each study (table 1) . Baseline characteristics of the Chinese patients randomly assigned to treatment in PATENT-1 and CHEST-1 were generally well balanced between the treatment groups (tables 2 and 3).
Of the 30 countries that participated in PATENT-1, China enrolled and randomised the most patients with PAH (n=77), with Germany enrolling the second largest number (n=73) (figure 1A). Among Chinese patients, idiopathic PAH was the most common diagnosis (69%). Compared with the overall study population, Chinese patients were younger (mean±SD 38 ±14 vs 51±17 years), more likely to be therapy naïve (88% vs 50%), had longer 6MWD (382±50 vs 363±69 m), higher PVR (1209±512 vs 811±473 dynes ·s ·cm −5 ), and were more likely to be in WHO FC I/II (65% vs 45%) (table 2). Four Chinese patients (5%) withdrew from PATENT-1 before week figure 1A ) compared with 38 patients (9%) in the overall study population. Of the 26 countries that participated in CHEST-1, China enrolled the second highest number of patients with CTEPH (n=32) (figure 1B), with Germany enrolling the highest number (n=57). Compared with the overall study population, more Chinese patients had inoperable CTEPH (91% vs 72%), and more patients were in WHO FC I/II (59% vs 32%) (table 3) . Additionally, Chinese patients were younger (mean±SD 49±11 vs 59±14 years) and had longer 6MWD (371±67 vs 347 ±80 m) and higher PVR (1062±439 vs 787±420 dynes/s/cm 5 ) than the overall population. Two Chinese patients (6%) withdrew from CHEST-1 before week 16 (figure 1B) compared with 18 patients (7%) in the overall study population.
Although PATENT-1 and CHEST-1 investigated two distinct types of PH (WHO groups 1 and 4), a comparison of baseline demographic characteristics between the studies showed similarities between the Chinese populations; however, there was a higher proportion of women in PATENT-1 than in CHEST-1 (79% vs 69%), and patients in PATENT-1 were younger than patients in CHEST-1 (mean±SD 38±14 vs 49±11 years; tables 2 and 3).
Efficacy and safety of riociguat in the Chinese subgroup Primary endpoint
At the end of PATENT-1, the mean 6MWD change from baseline in Chinese patients was +31 m in the 2.5 mg-maximum group (n=43) and −16 m in the placebo group (n=24) (least-squares (LS) mean difference, +46 m; 95% CI 5 to 87 m; table 4; figure 2A ).
At the end of CHEST-1, the mean change from baseline in 6MWD in Chinese patients was +51 m in the riociguat (20) 71 (28) 15 (24) 111 (25) Congenital heart disease 3 (13) 3 (7) 3 (30) 9 (12) 12 (10) 15 (6) 8 (13) 35 ( (92) 38 (88) 8 (80) 68 (88) 66 (52) 123 (48) 32 (51) 221 (50) Yes 2 (8) 5 (12) 2 (20) 9 (12) 60 (48) 131 (52) 31 (49) 222 (50) Endothelin receptor antagonist 1 (4) 1 (2) 2 (20) 4 (5) 54 (43) 113 (45) 27 (43) 194 (44) Prostanoid 1 (4) 4 (9) 0 5 (7) 7 (6) 20 (8) 4 (6) 31 (7) figure 2B ). One patient in the placebo group died, leading to a worst-case imputation (0 m), which contributed to the decrease in 6MWD observed in the placebo group, owing to low patient numbers in this group. However, even without this imputation, the LS mean difference is consistent with the treatment effect in the overall population. The improvement in mean 6MWD with riociguat compared with placebo appeared to be higher in Chinese patients with CTEPH from CHEST-1 compared with Chinese patients with PAH from PATENT-1 (LS mean difference, +102 vs +46 m; table 4). This may be due in part to the longer treatment duration in CHEST-1 compared with PATENT-1 (16 vs 12 weeks). However, the difference may also be due to the relatively small sample size of the Chinese subgroups and baseline differences compared with the overall study populations.
Secondary endpoints
Riociguat improved several secondary endpoints compared with placebo in Chinese patients with PAH in PATENT-1, including PVR, NT-proBNP concentrations, and WHO FC (table 4). After 12 weeks of treatment, WHO FC had improved or stabilised in 97% of patients receiving riociguat compared with 75% of patients receiving placebo. There were also small improvements in favour of riociguat treatment in Borg dyspnoea, EuroQol Group 5-Dimension Self-Report Questionnaire (EQ-5D), and Living with Pulmonary Hypertension (LPH) scores (table 4). In the PATENT-1 Chinese cohort there was one clinical worsening event (death) in both the riociguat and placebo groups (table 5) .
In CHEST-1, riociguat improved PVR, NT-proBNP values, and WHO FC compared with placebo in Chinese patients with CTEPH (table 4). After 16 weeks of treatment, WHO FC had improved or stabilised in 95% of patients receiving riociguat compared with 91% of patients receiving placebo. Riociguat was also associated with small improvements in Borg dyspnoea, EQ-5D, and LPH scores (table 4). One clinical worsening event (death) was reported in the placebo group in the CHEST-1 Chinese cohort (table 5) .
Similar to the primary endpoint, improvements in secondary endpoints with riociguat compared with placebo appeared to be consistent between the PATENT-1 and CHEST-1 studies (table 4), although the relatively small sample size of the Chinese subgroups compared with the overall study populations should be taken into consideration when interpreting these results.
Adverse events
The most common adverse events (AEs) in Chinese patients with PAH during the PATENT-1 study period are shown in table 5. Consistent with the overall population, hypotension was more common in Chinese patients in the riociguat 2.5 mgmaximum group (14%) compared with the 1.5 mg-maximum and placebo groups (10% and 0%, respectively). There were six serious AEs (SAEs) in the Chinese cohort of PATENT-1: two in the 2.5 mg-maximum group (one case each of intra-abdominal haemorrhage and haemoptysis) and four in the placebo group Figure 1 Disposition of Chinese patients in PATENT-1 (A) and CHEST-1 (B). CTEPH, chronic thromboembolic pulmonary hypertension; PAH, pulmonary arterial hypertension.
(one case each of infectious diarrhoea, infectious enterocolitis, circulatory collapse, and respiratory failure). None of the SAEs was considered to be study-drug related. Two patients (3%) discontinued treatment due to SAEs, which were severe and led to death. These deaths occurred in one patient (2%) in the 2.5 -mg-maximum group (haemoptysis) and one patient (4%) in the placebo group (circulatory collapse and respiratory failure); neither was considered by the investigator to be related to the study drug. The proportion of discontinuations due to SAEs in Chinese patients was similar to that seen in the overall study population (3% and 4%, respectively).
The AEs that occurred most frequently in Chinese patients with CTEPH during the CHEST-1 study period are shown in table 5 . No cases of hypotension were reported in Chinese patients with CTEPH. SAEs occurred in two patients (10%) in the riociguat group (one case each of anal abscess and overdose of study drug) and one patient (9%) in the placebo group (cardiac arrest), which led to death. None of the SAEs was considered to be study-drug related. One patient (5%) in the riociguat group discontinued the study drug due to an AE (overdose of study drug) which resolved. By comparison, seven patients (3%) in the overall study population discontinued due to AEs (five in the riociguat group and two in the placebo group), and a total of six patients (2%) discontinued due to SAEs.
DISCUSSION
The PATENT-1 and CHEST-1 studies demonstrated that the soluble guanylate cyclase stimulator riociguat significantly improved a range of clinically relevant endpoints in a worldwide population of patients with PAH, who were either treatment naïve or pre-treated with endothelin receptor antagonists or prostanoids, 10 and patients with CTEPH, who were either ineligible for surgery or who had persistent/recurrent PH after undergoing PEA. 11 Here we report the findings from the subgroups of patients with PAH or CTEPH from China, which was one of the highest contributors of patients to both studies. Registries from China have shown that the demographics and patient characteristics of the Chinese population are similar to those of patients in early studies from the US National Institutes of Health Registry; however, Chinese patients with PAH tended to be younger, and had higher baseline PVR index and mean pulmonary arterial pressure, than patients with PAH in more recent European and North American registries. 12 The characteristics of the Chinese populations in PATENT-1 and CHEST-1 were similar to those of patients with PH from 31 clinical centres across China. 13 Patients in the Chinese population were younger and had better functional condition at baseline compared with the overall population, despite having higher baseline PVR. This Table 4 Change from baseline to the end of week 12 in PATENT-1 and week 16 in CHEST-1 in primary and secondary endpoints in the Chinese patient populations may be because WHO FC is determined according to the subjective reporting of symptoms by the patient, with 6MWD also affected by subjective factors such as patient motivation. We propose that because Chinese patients in PATENT-1 and CHEST-1 were younger and primarily from rural areas, they would have had greater exposure to manual labour before the onset of their disease and during its early stages. Therefore, they may have had better tolerance to exertional dyspnoea and better pulmonary and cardiac functional adaptability than patients with no history of long-term physical work, resulting in better WHO FC and 6MWD despite higher PVR. Chinese patients with PAH in PATENT-1 were more likely to be therapy naïve than patients in the overall study population, which may reflect the limited availability of approved therapies for PAH in China and cost constraints on their use. 6 This limited access to treatment outside of a clinical trial setting may account for the higher baseline PVR values in the Chinese subgroup compared with the overall population. Furthermore, such limited access may extend to treatment with riociguat.
Chinese patients in CHEST-1 were more likely to have inoperable CTEPH than patients in the overall study population. This may be due to a lower number of patients undergoing PEA in China, decreasing the likelihood of recruiting patients with postoperative CTEPH. The relative lack of access to PEA in China may lead to the use of riociguat in patients who are potentially operable. 7 8 However, it should be stressed that riociguat is only indicated for patients with inoperable or persistent/recurrent CTEPH, and that PEA remains the gold standard treatment as it is potentially curative. 1 Improvements in 6MWD were observed in the Chinese population of PATENT-1. The treatment effect of riociguat on 6MWD (+46 m) appeared to be greater than that previously reported in the overall study population (+36 m). 10 11 The high number of treatment-naïve Chinese patients in PATENT-1, as well as their younger age and longer 6MWD at baseline, may have contributed to this observation. While direct comparison between the results of different clinical trials requires caution, the effect of riociguat on 6MWD in Chinese patients appeared to be in a similar range as observed with other PAH treatments in North American or Western European populations (16-59 m), [14] [15] [16] [17] [18] [19] and Chinese populations (17-75 m), [20] [21] [22] [23] [24] [25] and was above the threshold reported to represent a clinically relevant change (33-42 m). 26 27 In CHEST-1, the change from baseline in 6MWD with riociguat treatment appeared to be greater in Chinese patients (+51 m) relative to that in the overall study population (+39 m). 10 11 This may be related to the high numbers of inoperable Chinese patients in CHEST-1. However, the relatively small sample size of the Chinese sub-cohort, and the potential impact of a worst-case imputation (0 m) for a Chinese patient who died in the placebo group, should be taken into consideration when interpreting these results. The improvement in exercise capacity should be considered an important result of CHEST-1, both in the overall population and in this subanalysis, as it has not been previously shown in relevant clinical studies. 28 In PATENT-1 and CHEST-1, Chinese patients appeared to benefit from improvements in PVR and NT-proBNP at least as much as patients in the overall population. 10 11 In PATENT-1, the improvements in PVR and NT-proBNP were numerically greater in Chinese patients compared with the overall population. 10 In CHEST-1, the effect of riociguat on PVR was similar between Chinese patients and the overall population, whereas NT-proBNP concentrations improved to a greater extent. 11 However, since these were exploratory post-hoc subgroup analyses, these data should be interpreted with caution. Furthermore, the greater improvement in PVR among Chinese patients in PATENT-1 may have been driven in part by higher baseline PVR in the Chinese subgroup.
There were too few clinical worsening events (n=2) in the Chinese population in PATENT-1 to detect a difference between the riociguat and placebo groups, although a significant difference was seen in the overall study population. 10 However, the fact that riociguat decreased the proportion of patients experiencing a deterioration in WHO FC supports the clinical effect of riociguat.
The safety and tolerability of riociguat in Chinese patients with PAH and CTEPH were comparable to the overall study populations, with no new safety signals observed. Two serious bleeding events were reported in Chinese patients receiving riociguat in PATENT-1, including one case of haemoptysis (which was fatal) and one case of intra-abdominal haemorrhage (which resolved; this patient subsequently entered the PATENT-2 extension). Neither was considered to be study-drug related by the investigator. As for the overall population, prescribers should regularly assess the risk of pulmonary bleeding in Chinese patients receiving riociguat. Furthermore, although no specific safety signals were observed in the Chinese population, the dose of riociguat should still be carefully adjusted to the optimum level based on systolic blood pressure and signs and symptoms of hypotension, as described previously. 10 11 Several studies have investigated medical therapies in Chinese patients with PAH, including bosentan and sildenafil. 20 23-25 However, these studies were all open-label and uncontrolled, making comparisons with PATENT-1 difficult. To our The AEs listed here are those that occurred in ≥10% of the patients in any group during the treatment period. AE, adverse event; INR, international normalised ratio; WBC, white blood cell.
knowledge there have been no studies of targeted therapies in Chinese patients with CTEPH. The main limitation of these subgroup analyses is that the PATENT-1 and CHEST-1 studies were not designed to show statistically significant differences in the subgroups. The data presented here should therefore be considered exploratory.
In conclusion, Chinese patients with PAH or CTEPH showed some differences in baseline demographic characteristics compared with the international populations in PATENT-1 and CHEST-1, although improvements in clinical outcomes with riociguat were generally reflective of the overall clinical results of both studies. Riociguat was well tolerated in Chinese patients, and the AE profile was similar to that observed in the overall populations. These findings suggest that riociguat can provide clinically meaningful improvements in Chinese patients with PAH and CTEPH.
Key messages
What is already known about this subject? Pulmonary arterial hypertension (PAH) and chronic thromboembolic pulmonary hypertension (CTEPH) are chronic and progressive conditions that can lead to right heart failure. Most available data regarding the treatment of PAH and CTEPH are from North American and Western European populations, but whether these data are also valid in Chinese patients remains controversial.
What does this study add?
This subgroup analysis of the phase III PATENT-1 and CHEST-1 studies demonstrates that the soluble guanylate cyclase stimulator riociguat was well tolerated in Chinese patients with PAH and CTEPH, and significantly improved a range of primary and secondary efficacy endpoints versus placebo. The safety and efficacy profile of riociguat was comparable with that observed in the overall patient populations.
How might this impact on clinical practice?
These data suggest that riociguat is a well-tolerated and effective treatment for Chinese patients with PAH and CTEPH.
